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Abstract 
Optimizing the ferroelectric barrier thin film for utilizing them in multiferroic tunnel junctions (MFTJ’s) is the primary goal of 
this paper. Polyvinylidene fluoride (PVDF) polymer has been used as a barrier material to understand the electronic transport in
the multiferroic junctions. The change in the tunnel barrier height & width can be achieved by changing the ferroelectric and 
ferromagnetic moment configurations w.r.t electric and magnetic fields. In this paper, we discuss about the preliminary results on 
the electronic transport in the junctions and with a more emphasis on optimizing the smooth and crystalline phase of PVDF thin 
films. 
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1. Introduction 
Multiferroic tunnel junctions have got much attention recently for their innate physics happening at the interfaces 
due to the manipulation of electric fields and as well as magnetic fields [Juan M. Lopez-Encarnacion et al. [1], E. Y. 
Tsymbal et al. [2]]. These junctions basically rely on the fundamental quantum mechanical tunneling phenomena. In 
this work, we have investigated the optimization of MFTJ junction using Ferromagnetic metal (FM)/Ferroelectric 
barrier (FE)/Ferromagnetic metal (FM) configuration. This paper discusses some preliminary results and basic 
problems involved in optimizing the MFTJ junction, which may be helpful in future in obtaining a MFTJ for a real 
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sensor applications. Recent research in ferroelectric thin films, shown by T. Tybell et al. [3] indicated that there is a 
possibility of having ferroelectric polarization in ultrathin films of oxide ferroelectric materials. In this work, the 
organic ferroelectric material such as Polyvinylidene fluoride (PVDF) has been utilized as a barrier material. The 
following points are addressed in this work. 
• Firstly, the fabrication of FM/PVDF/FM structures is addressed.   
• Secondly, preliminary I-V characteristics of MFTJ structures have been discussed. 
• Thirdly, the crystallization and processing method of the PVDF thin films. 
2. Experimental procedure 
2.1. Preparation of MFTJ device 
The PVDF polymer films were made using homemade spin coating unit from solution. For preparing the PVDF 
thin films, 11 wt% of PVDF solution is chosen. PVDF powder and 2-Butanone solvent (both materials obtained 
from Sigma-Aldrich) has been used. The solution has been stirred for a 24 hours duration using a magnetic stirrer to 
acquire a uniform solution. The Si (100) wafer, which is cleaned by the standard RCA method has been utilized as a 
substrate and Co layer of 100 nm is grown as the bottom electrode using electron beam evaporator technique. 
Different thick PVDF films were coated on this 1cm2 size Co//Si substrate, using spinner with 3000, 4500 and 6000
r.p.m for 1 minute. The films were immediately baked on a hot plate at 135°C for 10 minutes. The top electrodes 
were prepared again using electron beam evaporator as circular dots (having size ~ 0.5mm2) with the help of a metal 
shadow mask. The final device structure is shown in the inset of Fig.3 (a), as Co/PVDF/Co//Si (100). 
2.2. Optimization of PVDF thin films 
From the literature survey, the PVDF exists in four different crystalline phases such as α, β, γ and δ phases 
[Andrew J. Lovinger [4]]. Except α phase, all other phases are polar in nature, whereas α is nonpolar. Out of the 
above mentioned phases, β crystalline phase exhibit most superior ferroelectric and piezoelectric properties [Andrew 
J. Lovinger [4]]. One of the major difficulty in this work that we observed is to obtain the crystalline thin films and 
its existence in beta phase. The crystallization came to reality with respect to the spin coating under special coating 
methods. A Still and Hot (SH) method is used to obtain the crystalline films [S. Ramasundaram et al. [5]]. PVDF 
films were spin coated on glass substrate with in-situ heating by means of a halogen lamp. Here a 7 wt% of PVDF in 
2-Butanone solvent has been used.  Moreover the stability of ferroelectric polarization is correlated with the 
crystalline phase of PVDF films. Studies indicated that crystallinity can be achieved using highly polar solvents like 
DMSO, DMF etc., but in micro thick films. In case of thin films, no satisfactory work has been found in literature on 
getting smooth crystalline thin films from PVDF powder (without involving copolymers) using Butanone as a 
solvent. In this paper, we have emphasized our work more on getting a smooth crystalline PVDF films utilizing the 
solvent evaporation basics [Chinaglia, D. L. et al. [6]]. The cleaned glass substrate loaded on the spin coater, 
enclosed in a chamber with in-situ halogen lamp heating facility, is first preheated to 90°C. An intensity controller 
and a temperature sensor (LM35) was used to manipulate the temperature. The r.p.m of the motor was controlled 
using basic electronics utilizing IC555. To this Still & Hot glass substrate, the PVDF solution is added and spun it 
for 1 minute at a speed of 2400 r. p. m. After the deposition, the sample was kept at the same temperature for 10 
minutes more.  
3. Results and discussion 
The crystalline nature of the films has been characterized using the PANalytical XRD. The thin films of PVDF 
showed amorphous phase with heat treatment method up to 90°C. Fig.1 shows the X-ray diffractogram of Si 
substrate, Cobalt (Co) on Silicon and PVDF/Co//Si. The XRD peaks indicate clear identification of Co and PVDF 
phases. At 20° , a small peak of PVDF is identified. Other peaks at 34° and 44° degree are attributed to the Co.  The 
Bruker’s MM8 atomic force microscopy (AFM) technique has been used for analyzing the surface roughness and as 
well as the microstructure of the PVDF thin films. Fig.2 shows the AFM height images of the PVDF films taken for 
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area of 10μm2. Fig.2a shows the PVDF film deposited at room temperature on a glass substrate and annealed at 
90°C for 1hour. The r.m.s roughness of the films, which is an important parameter in determining the quality or 
smoothness of the films, is calculated using the AFM analysis software (Nanoscope Analysis). The surface of the 
films show a spherical grain structure and with a surface roughness of 136 nm. Fig.2b indicates the surface image of 
the PVDF film deposited on Si/Co structure for characterizing the MFM properties. The surface roughness of the 
PVDF films deposited on Si/Co is estimated as 130 nm. 
Fig. 1. Shows the XRD pattern of Si substrate, Cobalt (Co) on Silicon and PVDF/Co//Si. 
The current-voltage (I-V) characteristics of the MFM devices are carried out using Vega equipment. Preliminary 
results of transport across MFM devices have been shown in Fig.3. The schematic diagram of the device structure is 
shown in Fig.3a. All the graphs show a clear nonlinear and relaxed response. The non-linear response may be 
attributed to the tunneling phenomena across the barrier. The signature of relaxation in the I-V curves indicates the 
relaxed nature of the barriers. The deviation from the perfect polarization switching mechanisms has been attributed 
to the PVDF growth and its crystalline nature. This was speculated due to the irreproducible I-V curves. As the 
PVDF polymer exists in different phases and as well as its crystallinity % is entirely dependent upon the preparation 
method, which may further influence their ferroelectric polarization. To understand these discrepancies, further 
studies have been addressed to optimize crystallinity in the PVDF thin films.  
Various types of optimization processes have been considered for obtaining smooth and crystalline PVDF thin 
films using 2-Butanone as a solvent. Obtaining smooth and crystallized films are found to be challenging to achieve 
from the literature survey. Room temperature deposition and annealing after the spin coated films did not yield 
better crystallinity. Instead of post annealed films, the films deposited at 90°C with the in situ halogen heating is 
found to be best method to obtain the crystalline PVDF films.  Fig.4(b) shows the crystalline phase formation of 
these hot (90°C) deposited films. Further annealing of 17 hours at 90°C could not show any improvement in the 
crystallinity (see Fig.4(c)).  The % crystallinity has been estimated with the following formulae as 50.6. 
% Crystallinity = (Total area of crystalline peaks) / (Total area of all peaks)                 
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 (a)          (b) 
Fig. 2. Shows the AFM images: (a) PVDF film, room temperature (R.T) deposited on glass substrate and annealed at 90°C for 1hour, (b) PVDF 
film on MFM device (i.e. PVDF/Co//Si). 
                                                                                     (a)  
                                          (b)                                                                                        (c)  
Fig. 3. Shows the three continuous Current-Voltage (I-V) measurements on the same junction of the Co/PVDF/Co//Si (100) device. In Fig. 1. (a), 
cartoon image of the device is shown at the right bottom side. 
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Fig. 4. Shows the XRD pattern of (a) PVDF powder, (b) PVDF film deposited by SH method at 90°C with in situ halogen heating technique, (c) 
film (b) annealed for 17 hours at 90°C. 
 (a)          (b) 
Fig. 5. Shows the AFM images: (a) shows PVDF film deposited by SH method at 90°C with in situ halogen heating technique, (b) shows film (a) 
annealed for 17 hours at 90°C. 
Fig.5 shows the AFM images of the PVDF films deposited  by SH method at 90°C with in situ halogen heating 
technique and as well as annealed film with 17 hour annealing duration. The thickness of the films were determined 
by the step profile scanning using AFM technique, and it was found that most of the films deposited by the halogen 
hot method give an approximate thickness of 275nm. In Fig. 5a and 5b elongated type grains with reduced surface 
roughness is observed. The surface roughnesses of these films are estimated as 14.7nm and 18.6nm respectively. 
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This work shows the importance of the thin film processing method to obtain the smooth and crystalline PVDF thin 
films. This work needs further understanding of the microstructural properties of the films and their influence upon 
the ferroelectric polarization. The following points (1) crystallinity versus the ferroelectric polarization and (2) 
influence of Co surface potential on ferroelectric polarization need to be addressed further to understand the 
electronic transport across a PVDF barrier.  
4. Conclusion and outlook 
This paper presents preliminary electronic transport measurements across a FM/PVDF/FM junction and as well 
as discusses the basic problems involved in optimizing the crystallinity of the PVDF thin films. Irreproducible and 
relaxed I-V curves are attributed to the crystalline nature of the films which is directly linked to the ferroelectric 
polarization of the films. A special deposition method with in situ controlled heating has been observed to give 50 % 
crystalline PVDF thin films. In future, we plan to characterize the remnant polarization of crystalline PVDF films 
and studies will be extended to the electronic transport measurements in the FM/PVDF/FM devices with respect to 
the manipulation of magnetic and electric fields.  
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